Abstract: International recognized research groups have presented studies where EEG and EOG biosignals were used to visualize and classify sleep stages. Based on these state of the art fndings an automated detection and classifcation of sleep stages has been realized. Beyond that there is a mandatory necessity for an automated classification and estimation of vigilance and alertness during the wake state. This paper presents recent work on a classification model, implemented in a wearable device. Its application opens the opportunity to calculate a quantitative vigilance profile in real time, in real life situations. It has been shown that the device is suitable to acquire necessary biosignals in an unobtrusive way, and perform real-time vigilance classification.
Introduction
In the presented project a mobile setup has been developed which allows an uncomplicated and easy to assess long and short term vigilance profile recording and therefore a real time evaluation of the algorithms in real life situations. All developed algorithms have been implemented in the prototype processor platform. For a mobile setup, a compensation of movement artefacts and a light-weight hardware design as well as an easy self applicable sensor unit have been developed. The algorithms and the setup have been tested in first measurements. The algortihms integrated into the mobile hardware allow a more precise and complete insight into the alertness condition than current clinical test methods for vigilance assessment. The vigilance profile is based on physiological patterns respectively biomarkers in the time and frequency domain. As a first reference for the retrieved vigilance information the parameters from the approved alertness test have been used.
Methods
For developing the initial vigilance model and the algorithms, we used data measured on persons doing the Mackworth Clock test (a classic clock test). The results of this test setup have been presented earlier in Hanke et al.([1] ). For analysing the filtered EOG signals in time and frequency domain, 20-seconds time windows (2560 samples) with an overlap of 10 seconds (1280 samples) were used. Due to the overlapping windows technique there are no missed window pattern characteristics due to window transitions. After the filtering process, an Independent Component Analysis (ICA) has been performed. Three signal characteristics have been used for a further processing: the preprocessed amplitude signal, the calculated velocity signal and the mean power of both EOG channels.
The introduced algorithms have been tested and validated with 24h polysomnography data from the Sensation European Commission project 1 . The data has been recorded by the Sensation project partners in the year 2004. As specification for the recordings the protocols from the SIESTA project group 2 have been used. Overall in this study 100 all-night polysomnographies and 50 daytime polygraphic recordings under controlled conditions in 50 healthy subjects across all adult age ranges, and 100 24-hour ambulatory recordings from another 50 subjects have been performed. All recordings will consist of at least 16 channels (EEG, EOG, EMG, ECG, respiration, and others). For the EOG, a sampling rate of 200 Hz and a band pass filter of 0.1 to 40 Hz have been applied. For the 24h recordings 50 normal healthy controls have been recorded on two consecutive 24 hour periods.
Results
In the figure 1 the results of different analysis for the recorded EEG and EOG data are displayed. The first graph shows the results of a permutation entropy calculation for 4 EEG channels (fp1, c3, c4, o1) based on a paper of Olofsen et al. ([2] ). The permutation entropy (PE) describesm a frequency characteristic of the EEG signal. As the parameter is coming from the anaesthesia is seems like it is a parameter which is calculated very much to a binary decision making. For the original purpose of decision making for the diagnosis of being anaesthetised or not anaesthetised this might be appropriate but for a detailed continuous vigilance assessment the parameter might not be optimal. The parameter shows in a good way epochs where the person is asleep and epochs where the person is awake. The two graphs in the second picture of figure 1 are showing two different EMG values over time. Displayed is the mean value of the tibialis and submental EMG channel. Especially the tibialis EMG channel measured at the tibia can not count as artefact in the EEG. Therefore this EMG channel can be a possible correlation parameter for the EEG and EOG vigilance results. Especially recovery or sleeping phases are clearly indicated by the EMG measurements. between awake and sleeping phases. But also in the awake phase the EOG seems to be a more clear indication for a vigilance dynamic than the entropy from the EEG. Of course this dynamic must be proven to reflect the vigilance with further tests and a correlating parameter which is indicating vigilance. Such a parameter does not exist in these 24h polysomnographic measurements. For the purpose of data acquisition, a special dedicated hardware device was developed. The device has been tailored to be used in real life environments. The device called "'vigilance recorder"' allows rechargeable battery powered data acquisition of 2 EOG-und 6 EEG channels with 24bit resolution and 250Hz sampling rate per channel, over a period of up to 10 hours. The data is preprocessed and can be streamed directly via Bluetooth to a computer or a mobile device, or stored on a microSD card respectively. Time information is provided by a built-in real time clock.
Discussion
It can be assumed that all described parameters extracted from EOG are useful to monitor the eye activity. Based on state-of-the art research findings it can be concluded that there is not just a single overall level of alertness as there is no single parameter vigilance. There are several alertness levels depending on which specific measure is considered and there are several parameters reflecting vigilance behaviour. The miniaturization of the necessary hardware and the more artefact resident combination of hardware design and software can bring the setup to applications like sleep surveillance which can now be brought into a familiar environment away from a clinical setting. This is also important for future research to leave the measured persons in an unobtrusive way in their daily live routine, which is an important fact but difficult to realize with older setups. The data aquisition is for the expert staff in a lot of application less time-consuming but allows at the same time a more precise measurement. The development of EEG and EOG sensors and electrodes has been pushed in the last years and made a step forward. This allows a better integration and enhancement of mobile setups. With such system a data aquisition can be performed outside the laboratory which is highly important for the quantitative measurements.
